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Fig. 1 Relation between lift and reaction ofdownwash





Propelling force Drag force
as a reaction ofaccelerated flow as a reaction ofaccelerated flow
Fig.2 Reaction forces with accelerated/decelerated flows
(a)
$arrow^{U}$
Fig.3 Von K\’aIm\’an Vortex Street and Reverse Von K\’arm\’an Vortex Street,
$(h\mathfrak{n}p://www.$vortexpowerdrive. $com/$Science.$html,$ rewrote $and$ modified)
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Nauen [2002] Fig.5 PIV (Particle Image
Velocimetry) Fig. 6 x-y y-z z-x
Analysis of Particle image velocimetry :
Particle Image Velocimetry (PIV) is a $whole\cdot flow\cdot$field technique providing
instantaneous velocity vector measurements within the plane defined by the laser light
sheet. The fluid is seeded with particles which are generally assumed to faithfully follow
the flow dynamics. The velocity information is calculated by taking two seeding
images shortly after one another and calculating the distance individual particles
traveled within this time.
Fig. 5. Mackerel caudal fm wake PIV system using a front-surface mirror. [Nauen et al, 2002,
rewrote and modified.]
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Fig. 6 Velocity profiles across every planar sections predict the existence of isolated vortex rings shed
from the caudal fin. [Nauen et al, 2002, rewrote and modified.]
Fig.7 The reaction force at the caudal fm has a lift component that acts over the lever arm of
body length to the center ofmass (black-and-white checkered circle) to rotate the head down
(green arrow). Lift generated by abducted pectoral fms (P), such as has been observed in





Fig. 8 Big $3D$ vortex ring which the airplane produces and wing tip vortices behind
an airplane.









Fig.10 Birds which have tip vortex reduce system: albatross as pointed wing,




Fig.11. $A$ schematic diagram of
relationship between organ size and
Reynolds number. Most swimming
and flying with a representative length
on the order of centimeter are
observed over a range of intermediate
Reynolds numbers from order of 100
up to order of $10^{4}$ , where inertial and
viscous forces are equivalent,
generally resulting in large-scale
vortex structure [Liu, 2002.]
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Liu[2002] Fig.11
Wagner [1931] $\ovalbox{\tt\small REJECT}$
$k$ Wagner (Reduced Frequency)
$k$ $St$ $c$ , $\omega$ $U$
$\kappa_{--}\omega c/U$ $k$ $k<0.1$
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Fig. 12 Pattems of airflow during the downstroke ofa hoverin$g$ insect. Airflow over the
leading edge ofthe wing rolls up into a leading-edge vortex (LEV). LEVs contain a low-
pressure core that enhances lift, but they are unstable and tend to detach, causing a rapid
reduction in lift. The presence of a strong vortex at the wing tip and downwash behind the
wing may stabilize LEVs by reducing the effective angle ofwing attack (the angle between
the wing and the oncoming air). [Lauder, 2001, rewrote and modified. ]
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4.
(LEV) 3 He oltz
(a)Near top dead position (e) Moving upward
(b) Moving downward
(f) Moving further upward
(c)Moving fiurther downward
(g) Near top dead position
(d) Bottom dead position (h) Top dead position
Fig. 13 Pattem diagrams ofthe vortex on the wings of Idea leuconoe for flapping
motion ofthe wings from (a) to (h). Downward vortex ring generates lift force as a
reaction on downstroke. Upward vortex ring produces propelling force as a reaction
on upstroke. [Fuchiwaki et al, 2013, rewrote and modified.)
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( ) Lauder $[2001]l$
Birch [2001] Fig. 12
Fuchiwaki [20131 $J\backslash$ ,
LEV PIV
Fig. 13










Fig. 14 Vortex trains around a corrugated airfoils on $(a)Re=2000$ and (b) $Re=7000$ . Flow
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